Introduction
Global efforts on the discovery of herbal drugs have drawn much attention for isolation and biological evaluation of the secondary metabolites of terrestrial and marine flora and fauna. Iridoids usually having a bicyclic H-5/H-9b, b-cisfused cyclopentano pyran ring system 1a are found in a large number of folk medicinal plants which are used as bitter tonics, sedatives, diuretic, cough medicines, remedies for wounds, nervous and skin disorders, obesity, epilepsy, insanity, snake poisoning, diabetic, hypo and hyperglycemic and lipidaemic disorders. Its seco derivatives known as secoiridoids 1b produced by cleavage of cyclopentane ring at C-7-C-8 bond also found in various plants as major constituents. Some iridoid derivatives 1c are also found in nature and are produced by the cleavage of pyran ring. Extensive research work in this field has resulted in the isolation of several bioactive iridoids and secoiridoids, many of them are the prospective herbal drugs for clinical trials.
Several review articles on different aspects of iridoids are reported elsewhere. The compilation of iridoids and secoiridoids are provided in seven review articles, [1] [2] [3] [4] [5] [6] [7] while biological and pharmacological activities are highlighted in five review articles. [6] [7] [8] [9] [10] The present review is a compilation of new iridoids and secoiridoids reported during the period, mid 2008-2010, with their physical constants, spectral data, plant source and references. The different biological activities of some of these new and known iridoids and secoiridoids reported during this period are also highlighted in this review. The main aim of this review is to provide a ready reference to the researchers working in this field for rapid identification of isolated iridoids and secoiridoids by comparison of physical and spectral data as well as to give a notion on the selection of plant species for future research and study of biological activities of previously reported iridoids.
In this review, the new iridoids and secoiridoids are listed in Table 1 in different groups according to the basic carbon skeleton of the aglycone. Group 1 contains iridoid glycosides with a nine-carbon skeleton of aglycones. Group 2 contains iridoid glycosides with ten carbon skeleton of their aglycones and subdivided into subgroups. Group 3 contains secoiridoid glycosides. Group 4 consists of bis-iridoid/secoiridoid glycosides/aglycones, while Group 5 consists of iridoid/secoiridoid aglycones and derivatives. For each compound, physical constants and spectral data were listed in the following order: name; structure; molecular formula; calculated molecular weight; melting point (°C); optical rotation (concentration, solvent); UV (solvent, l max in nm, log e); IR (medium, absorption band in cm
Ϫ1
); circular dichroism (CD) (concentration, solvent, l max in nm, De); 1 H-NMR (spectrometer frequency, solvent, chemical shifts in d ppm, starting with H-1 and listed in order); 13 C-NMR (spectrometer frequency, solvent, chemical shifts in d values, starting with C-1 and listed in order); plant source (family); reference(s). MS data are omitted as electron impact-mass spectra (EI-MS) ions are not diagnostic for skeletal structures. Data for the derivatives were not listed unless the data for the derivative rather than for the parent iridoid was reported.
Numbering of the iridoid/secoiridoid skeletal structures and of the most common functionalities/substituents is given in Fig. 1 . The sugar or substituent on the C-1 carbon of the aglycone moiety is given the single prime (Ј) designation, while other subsituents are designated as double prime (Љ), triple prime (ٞ), etc., according to their substitution position on the main iridoid or secoiridoid skeleton, except in cases of substituents on other substituents. The designation of substituents on other substituents is done by succeeded primes; for instance, a p-coumaroyl unit on sugar moiety at C-1 will be designated as double prime and a sugar moiety on p-coumaroyl unit will be designated as triple prime (e.g., 1d). Cinnamoyl, coumaroyl, caffeoyl, feruloyl, isoferuloyl, sinapoyl groups are in trans-configuration unless otherwise Naturally Occurring Iridoids and Secoiridoids.
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indicated. Some abbreviations used in the representation of structure are: Glc: b-D-glucopyranosyl; Rha: a-L-rhamnopyranosyl; Me: methyl; Et: ethyl; OMe: methoxy; Ac: acetyl; Rib: b-D-ribopyranosyl. Suspected errors in a numbering of a monomeric unit and in multiplicity of proton coupling were corrected if some ambiguity was noticed. All the compounds in Table 1 are alphabetically listed in Table 2 .
In spite of sincere efforts, some new iridoids and secoiridoids may be omitted in the list because of non availability of the published papers and hence this review should not be used as the only source of new iridoids and secoiridoids reported during the period (2008-2010) of the review. Some new iridoids published in 2007 are also included as these were omitted in our earlier review.
7)

Biological and Pharmacological Activity of Naturally Occurring Iridoids and Seco-iridoids
Extensive study on pharmacological activities of the isolated iridoids and secoiridoids revealed that many of them are the bioactive principles of the plants for which these plants are used in traditional medicines. In order to use these bioactive iridoids and secoiridoids in different herbal drugs formulation and in designing potent drugs for different diseases, their major biological activities reported during mid 2008 to 2010 are highlighted. The structures of iridoids/ secoiridoids having biological activities are given in Fig. 2 .
Antibacterial and Antifungal Activity Geniposidic acid (130) isolated from Alibertia myrciifolia showed antifungal activity against filamentous fungus, Colletotrichum gloeosporioides at a concentration of 150 mg/ml in agar cup plate assay model. 25) Triohima B (127) isolated from Triosteum himalayanum showed significant inhibitory activity toward plant pathogenic fungus Peronophythora litchi with EC 50 value of 34.0 mg/ml. 58) A decoction of the roots and flowers of the Iranian flora Eremostachys laciniata (Lamiaceae) has traditionally been taken orally for treatment of allergies, headache and liver disease. 62) Three iridoids, phloyoside1 (131), phlomiol (132), and pulchelloside 1 (133) isolated from the rhizomes of this herb, exhibited low to moderate levels antibacterial activity (MICϭ0.05-0.50 mg/ml) against five bacterial strains, Bacillus cereus, Citrobactor freundii, Proteus mirabilis, Pseudomonas aeruginosa, Staphylococcus aureus, and displayed noteworthy antibacterial activity against B. cereus, penicillin-resistant E. coli, P. mirabilis and S. aureus with an MIC value of 0.05 mg/ml. 63) Nepeta species (Lamiaceae) native to temperate Europe, Asia, North Africa and the mountainous region of tropical Africa, are widely used in folk medicine. 64) Nestorović et al. assayed the nepetalactones (134, 135) content in the MeOH extracts of the shoot cultures of three endemic Serbian 104 .2 (C-4), 41 .8 (C-5), 77 .0 (C-6), 47.8 (C-7), 79.5 (C-8), 49 .6 (C-9), 23 .0 (C-10), 100.2 (C-1Ј), 74.8 (C-2Ј), 78.1 (C-3Ј), 71.8 (C-4Ј), 78.2 (C-5Ј), 63.1 (C-6Ј), 128.9 (C-1Љ), 111.5 (C-2Љ), 150.8 (C-3Љ), 152.8 (C-4Љ), 112.7 (C-5Љ), 123.9 (C-6Љ), 118.0 (C-7Љ), 146.0 (C-8Љ), 169.1 (C-9Љ), 56 .0 (MeO-3Љ, 4Љ). Teucrium chamaedris (Labiatae) 11) 2. 6Ј- (3,4- 
2Ј-O-b-D-Glucopyranosyl-6Ј-O-(p-methoxycinnamoyl)-harpagide
C 31 70 .0 (C-4Ј), 73.8 (C-5Ј), 63.6 (C-6Ј), 133.9 (C-1Љ), 128.4 (C-2Љ, 6Љ), 128.9 (C-3Љ, 5Љ), 130.4 (C-4Љ), 144.6 (C-7Љ), 117.9 (C-8Љ), 166.1 (C-9Љ). Scrophularia ningpoensis (Scrophulariaceae) 12) 
Versibirioside (6-O-[3Љ-(E)-Cinnamoyl-a-L-rhamnopyranosyl]-glutinoside)
C 30 26 .0 (C-4), 31.7 (C-5), 30.7 (C-6), 60.6 (C-7), 69.1 (C-8), 43.9 (C-9), 61.7 (C-10), 99.4 (C-1Ј), 74.9 (C-2Ј), 77.9 (C-3Ј), 71.8 (C-4Ј), 78.5 (C-5Ј), 63 .0 (C-6Ј). Cistanche tubulosa (Orobanchaceae) 16) 85 .3 (C-6), 125.9 (C-7), 151.6 (C-8), 48 .0 (C-9), 61.0 (C-10), 99.6 (C-1Ј), 74.6 (C-2Ј), 77.6 (C-3Ј), 71.3 (C-4Ј), 78.0 (C-5Ј), 62.5 (C-6Ј), 122.4 (C-1Љ), 113.6 (C-2Љ), 148.5 (C-3Љ), 152.6 (C-4Љ), 115.8 (C-5Љ), 125.0 (C-6Љ), 167.9 (C-7Љ), 56.3 (MeO) . Veronica derwentiana (Plantaginaceae) 15) Group 2a (10- 80 .0 (C-4), 31.8 (C-5), 39.1 (C-6), 82.3 (C-7), 43.1 (C-8), 43 .3 (C-9), 14.6 (C-10), 24.9 (C-11), 99.6 (C-1Ј), 74.7 (C-2Ј), 78.3 (C-3Ј), 71.6 (C-4Ј), 77.9 (C-5Ј), 62.6 (C-6Ј). Adenosma caeruleum (Scrophulariaceae) 19) 17. Group 2b (10-Carbon skeleton; Glycosidic linkage at other than C- 67 (d, 12.0, H-1), 3.14 (m, H-4 11.9, H-1), 3.29 (d, 11.9, H-1), 5.27 (s, H-3), 2.90 (d, 11.2, H-4), 3.12 (dd, 11.2, 6.4, H-5), 4.70 (br d, 6.4, H-6), 3.95 (br d,  3.7, H-7), 1.82 (qd, 7.0, 3.7, H-8 11.4, 1.8, H-3), 2.03 (m, H-4), 2.79 (ddd, 7.2, 4.8, 3.0, H-5), 2.72 (dd, 14.4, 6.6, H a -6), 1.61 (ddd, 14.4, 7.2, 3.0, H b -6 C-2ٞ), 25.6 (C-3ٞ), 22.3 (C-4ٞ, 5ٞ) . Valeriana jatamansi (Valerianaceae) 53) 119. Jatamanvaltrate 12.6, 6.6, H-6), 2.08 (dd, 12.6, 10.2, H-6), 4.83 (dd, 10.2, 6.6, H-7), 2.88 (d, 2.4, H-9), 4.28 (d, 12.6, H-10 57) 126. ; structure confirmed by X-ray study. Triosteum himalayanum (Caprifoliaceae), 58) T. pinnatifidum 59) 127. MeO-11) . Triosteum himalayanum (Caprifoliaceae), 58) T. pinnatifidum 59) 128. C-11) . Triosteum himalayanum (Caprifoliaceae), 58) T. pinnatifidum 59) 129. ; Reported earlier without detailed NMR data from Nauclea diderrichii. Significant activity of N. rtanjensis extract against both bacteria and fungi, could be ascribed to the presence of trans-nepetalactone (134), which was not present in other two species. N. sibirica extract contained higher percent of cis-nepetalactone (135) and showed higher antibacterial and antifungal activity than that of N. nervosa extract, where 134 and 135 were not found. Therefore possibly the iridoids, both 134 and 135 played important role in the antimicrobial activity of these extracts. 65) A mixture of plumericin (136) and isoplumericin (137) isolated from the stem-cut latex of Himatanthus sucuuba showed antifungal activity against mutant strains of Saccharomyces cerevisiae rad52 and rad52.top1 with IC 12 (concentration of compound required to produce a zone of inhibition 
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66)
Anticancer Activity Valeriana jatamansi syn. V. wallichii, native to mainland China and India, has been used traditionally for treatment of sleep problems, obesity,nervous disorders, epilepsy, insanity, snake poisoning, eye trouble and skin diseases. 
47)
The extracts from the roots and rhizomes of Indian plant, Picrorhiza kurroa (commonly called as katuka, kutki or kutaki) are used to treat a variety of ailments, including fever, hapatitis, allergies, asthma and other inflammatory diseases. 68, 69) One of the major active constituents of P. kurroa is picroliv, which is a mixture of iridoid glycosides, picroside1 (143) and kutkoside (144) at a ratio 1.0 : 1.5 (w/w). Anand et al. studied the effect of picroliv on nuclear factor kB (NFkB) pathway as NF-kB activation played a major role in inflammation and carcinogenesis. They found that picroliv inhibited the NF-kB activation pathway leading to suppression of the expression of NF-kB-regulated proteins and potentiation of apoptosis in tumor cells. To examine the mechanism of action, they found that picroliv inhibited activation of IkBa kinase, leading to inhibition of phosphorylation and nuclear translocation of p65. Further studies on picrolive revealed that it directly inhibited the binding of p65 to DNA by interaction with Cys 38 in p65. The mutation of Cys 38 in p65 subunit of NF-kB by picroliv led to suppression of NF-kBregulated proteins, including those linked with cell survival (inhibitor of apoptosis protein 1, B-cell lymphoma-2 (Bcl-2), Fig. 2-1 Bcl-xL, survivin, and tumor necrosis factor (TNF)-receptorassociated factor 2), proliferation (Cyclin D1 and cox-2), angiogenesis (vascular endothelial growth factor) and invasion (intercellular adhesion molecule-1 and matrix metalloproteinase-9). Suppression of these proteins enhanced apoptosis in tumor cells induced by TNF. They carried out most of these studies using human KBM-5 (chronic myeloid leukemia) and partly with H1299 (lung adenocarcinoma) and A293 (embryonic kidney carcinoma) cells at the concentration range of 15-150 mg/ml of picroliv.
70)
Triosteum himalayanum, a Chinese herb has been traditionally used for inducing diuresis and promoting blood circulation. 71) Three iridolactones (112-114) isolated from this plant exhibited in vitro cytotoxicity against L1210 (mouse lymphocytic leukemia) cell line with 13, 11 and 18% inhibition, respectively in proliferation assay at 50 mM concentration. 58) Iridoid glucoside aucubin (145) was recently reported to induce apoptosis in human lung A549 cancer cells and considered as a promising anticancer drug.
72) The most of biological activities of aucubin were assayed in the presence of b-D-glucosidase and consequently it was believed that instable aucubigenin should be the active pharmacophore. To find out potent antileukemic aucubin derivatives, Rakotondramasy et al. prepared some unsaturated iridolactones from aucubin and examined their cytotoxic activity. Among the prepared lactones, three compounds (146-148) exhibited significant in vitro cytotoxicity against two tumor cell lines, a murine leukemia (L1210) and a human epidermoid carcinoma (KB-3-1) with IC 50 value of 3.0, 4.1 and 4.0; not determined, 0.56 and 0.42 mM, respectively using a conventional tetrazolium colorimetric assay. Other prepared iridolactones having no oxo group at C-6 position showed weaker cytotoxicity. 73) On the basis of the cytotoxic results, the authors con- Fig. 2-2 cluded that the presence of oxo group at C-6 and alkylidene cyclopentenone chromophores possibly associated for this antiproliferative activity of the analogues, similar to that of well known antitumor oxylipins (clavulones and Tei 9826) having the same alkylidene cyclopentenone pharmacophore. [73] [74] [75] [76] Sanshiside D (31) isolated from the white variety of Mussaenda phillipica cultivar, Mussaenda dona-aurora, showed significant cytotoxicity on the growth of vero (African green monkey), HeLa and SMMC-7721 (human heptoma) cell lines with IC 50 value of 1.99, 0.12 and 1.53 mM/ml. This cytotoxicity of the iridoid was comparable with commonly used drugs methrotrexate and taxol having IC 50 of 3.89, 0.07, 1.37; 2.05, 0.05 and 0.74 mM/ml, respectively. Shanzhiside (149) and shanzhiside methyl ester (150) showed no cytotoxicity against vero cells. Possibly the presence of caffeoyl and lactone unit in sanshiside D could be accounted for the enhanced cytotoxic activity. Hence this iridoid may be considered as a scaffold pharmacophore for the exploration of potent anticancer drug.
29)
Antidiabetic Activity The plant Faxinus excelsior (Oleaceae), known as 'Common ash' or 'European ash' is widely distributed in southeast of Morocco (local name: Lissan Ettir) and in other temperate parts of Asia and Europe. The aqueous extract of the seeds of the plant has been found to be highly potent in the reduction of blood sugar levels without significantly affecting insulin levels. [77] [78] [79] To find out bioactive principles from the seeds of this plant, Bai et al. isolated several secoiridoids from the aqueous extract of the seeds and examined their antidiabetic activity on PPAR-a (peroxisome proliferator-mediated receptor a) activation and adipocyte differentiation inhibitory action in 3T3-LI preadipocytes. The isolated secoiridoids, excelside B (54), muzhenide (151), GI-3 (152), GI-5 (153) inhibited adipocyte differentiation in 3T3-LI cells at the concentration range 0.05-1.0 mg/ml and these compounds except GI-5 (153) as Ϫ8 M for the synthetic PPAR-a activator, WY14. 643. Compound GI-5 showed significant inhibition at a concentration of 1.0 mg/ml. 36) Catalpol (155) isolated from the roots of Chinese herb Rahmannia glutinosa, showed antihyperglycemic activity in a dose-dependent manner in streptozotocin (STZ)-induced diabetic rats. An effective dose of 0.1 mg/kg catalpol significantly attenuated the increase of plasma glucose induced by an intravenous glucose challenge test in normal rats. Catalpol was also found to increase glycogen synthesis in STZ-diabetic rats. The STZ-diabetic rats treated with catalpol increased the glucose utilization in skeletal muscle. These results suggested that catalpol could increase glucose utilization to lower plasma glucose in diabetic rats lacking insulin and might become a suitable adjuvant for the treatment of diabetic patients in the future.
80)
Antihyperlipidaemic Activity Enicostemma littorale Blume (syn. E. axillare (Lam) Raynal locally known as Nagajihva, a procumbent perennial herb found throughout India, specially in coastal regions. This plant in traditional medicine is used as anti-inflammatory, digestive, thermogenic, liver tonic and to treat diabetes mellitus, rheumatism, abdominial ulcers, hernia, swelling, itches and insect poisoning. 81 ) Swertiamarin (156) isolated from EtOAc and MeOH extracts of the whole plant, at an oral dose (once) of 50 mg/kg, showed antihyperlipidaemic effect in poloxamer 407 (P-407)-(400 mg/kg) induced hyperlipidaemic rats by lowering significantly the serum triglycerides (TG) ( pϽ0.001) and total cholesterol (TC) (pϽ0.001) concentration after 15 and 24 h of treatment compared to disease control group. Swertiamarin significantly (pϽ0.01) increased the serum high density lipoprotein (HDL) cholesterol and lowered serum low density lipoprotein (LDL) and very low density lipoprotein (VLDL) ( pϽ0.001) compared with the P-407 treated group of rats. The positive control atorvastatin (50 mg/kg, oral) also lowered LDL and VLDL significantly (pϽ0.001) in the P-407 treated group of rats. These results suggested that swertiamarin may be beneficial in preventing atherosclerotic cardiovascular diseases.
82)
Anti-inflammatory Acitivity Buddleja species are used for the treatment of a variety of ailments such as ulcer, conjunctival congestion and skin disorder. 83) Buddlejosides B (157), A 5 (158) and A 2 (159) isolated from Buddleja crispa showed significant inhibitory activity against the enzyme lipoxygenase (LOX) with IC 50 value of 39.7, 40.4 and 41.9 mM, respectively. The positive control baicalein showed IC 50 value of 22.7 mM. The LOX in mammalian cells are the key enzymes in the biosynthesis of prostaglandins, leukotrienes, lipoxins and hepoxylines and play a role in inflammation, bronchial asthma and other disorders. 84) The flower buds of Chinese herb Lonicera japonica are used in traditional Chinese medicines for treatment of various diseases including arthritis, diabetes mellitus, fever, infections, sore and swelling. 85) The aqueous extract of the flower buds of the plant in a preliminary anti-inflammatory in vitro assay against the release of glucuronidase in rat polymorphonuclear (PMN) leukocytes induced by the plateletactivating factor (PAF) showed 42% inhibition rate at 25 mg/ml. The isolated secoiridoids, lonijaposide C (57) showed inhibitory activity against the release of glucuronidase in rat PMN leukocytes induced by PAF with an inhibition rate of 69.5% at 10 mM, while lonijaposides A and B (55, 56) showed inhibition rate of 11.0% and 35.8%, respectively at the same concentration, respectively. This suggested that possibly the ethanol-2-yl unit at N-1 and acid form of C-11 in pyridinium alkaloid coupled to the secoiridoid 57, may increase the anti-inflammatory activity. 37) Stems of the Japanese plant Cistanche tubulosa have traditionally been used for treatment of impotence, sterility, lumbago, and body weakness as well as promoting agent of blood circulation. 86) For the search of bioactive principles from the stem of this plant, Morikawa et al. isolated several phenylethanoids and iridoids and evaluated their antiinflammatory activity in terms of the effect on tumor necrosis factor-a (TNF-a) induced cytotoxicity in L929 cells. Among the isolated iridoids, kankanoside A (160), mussaenosidic acid (161) and 8-epiloganic acid (162) showed moderate activity with inhibition of 16.3Ϯ2.0, 44.7Ϯ8.7 and 10.7Ϯ 0.4%, respectively at the concentration 100 mM.
16)
Antinociceptive Activity Secoiridoid glycoside, swertiamarin (156) isolated from Indian medicinal plant Enicostemma axillare (Lam) RAYNAL (Gentianaceae) exhibited in vitro antinociceptive activity in mice in three different models namely hot plate test, tail immersion method and acetic acid induced writhing. Central antinociceptive activity of swertiamarin (156) was evaluated in both hot plate and tail immersion in hot water methods. In hot plate method, a significant increase in the latency period was observed for the treatment with swertiamarin at 100 and 200 mg/kg body weight (bw) after 30 and 45 min. The percent protection observed after 45 min was 109.42, 147.42 and 157.14, respectively, for the standard paracetamol and swertiamarin at 100 and 200 mg/kg bw treatments in mice. A significant increase in the tail withdrawal reflex was observed for the swertiamarin treatment in both the doses with percent protections of 150 and 200, respectively. In both these methods, swertiamarin showed potent activity than that of standard paracetamol. In the acetic acid induced writing, swertiamarin at 100 and 200 mg/kg body weight reduced the number of writhes significantly when given orally 30 min prior to acetic acid treatment showing peripheral antinociceptive activity. Swertiamarin did not show lethality in mice up to 2000 mg/kg bw Fig. 2-4 oral dose. Therefore this secoiridoid is safe for clinical use. Hence further research is needed to explain the exact mechanism of this antinociceptive effect.
87)
Anti-osteoporosis Activity Liuweidihuang Wan (LW), a traditional Chinese medicine containing herb Fructus corni is commonly used for clinical treatment of postmenopausal osteoporosis in women or elderly men. The aqueous extract of F. corni was found to increase the depth of cortical bone and the area of bone trabeculae in SAM-P/6 mice. 88, 89) Li et al. carried out HPLC analysis of the MeOH extract of the drug LW and found morroniside (163) and loganin (164) as major constituents. They isolated these iridoids from Macrocarpium officinale and evaluated their pharmacological effects on clonal osteoblastic MC3T3-E1 cell line. This cell line is the key point for bone formation and maintenance of bone mass. Its gradual loss results osteoporosis, a bone disease characterized by reduction of bone mass, damage to the bone tissue microstructure, aggravation of osteopsathyrosis and increased risk of fractures. 90) Morroniside (163) and loganin (164) at different concentration (1, 10, 100 mg/ml) had no effects on the proliferation of MC3T3-E1 cells, but these substances improved the activity of alkaline phosphatase (ALP) and increased the contents of collagen type 1 and osteocalcin to increase the differentiation of osteoblasts. Simultaneously, the m-RNA expression of caspase 3, caspase 9 and RANKL (Receptor Activator of Nuclear Factor Kappa-B Ligand) was downregulated to inhibit apoptosis of osteoblasts and that of bel-2 was up-regulated to raise the survival rate of osteoblasts. All these facts partially explained the anti-osteoporosis mechanism in MC3T3-E1 cells. Therefore, morronoside and loganin in alone or in combination are expected to be promising natural drugs for treatment of osteoporosis.
91)
Antioxidant Activity Gentiana loureirii, a perennial herb of South China, is used as Chinese folk medicine for removing damp heat, lessening of swelling and detoxification. 85) 2Ј-O-caffeoylloganic acid (13) isolated from this whole plant showed moderate DPPH-radical scavenging activity with IC 50 value of 18.54 mM compared to control antioxidant, ascorbic acid, IC 50 : 13.74 mM.
20)
The routine screening of Pakistani shrub, Buddleja crispa by Ahmad et al. showed significant antioxidant and inhibitory activity against lipoxygenase enzyme. From the EtOAc fraction of the whole plant, they isolated seven iridoids and tested their antioxidant activities against DPPH. Among the isolated iridoids, buddlejoside B (157) showed potential DPPH radical scavenging activity with IC 50 value of 0.638 mM. BHA used as a standard had IC 50 of 0.044 mM. The other isolated compounds showed moderate radical scavenging activity. 84) The aqueous extract of the Algerian plant, Ajuga iva was able to reduce the oxidative stress in hypercholesterolemic (HC) rats by increasing the antioxidant enzymes activity. 92) The butanol fraction of the lyophilized aqueous extract of A. iva contained iridoids with 8-O-acetylharpagide (165) as major constituent. This fraction at different doses (5, 10 or 15 mg/kg body weight) was able to reduce oxidative stress in HC rats on interperitoneal injection for 15 d by increasing the activities of antioxidant enzymes. The total antioxidant capacity of RBC was measured by monitoring the rat hemolysis using a micropipette titrator at 620 nm and 37°C. Superoxide dismutase activity was measured at 412 nm by the NADH oxidation procedure. Glutathione peroxidase was determined using cumene hydroperoxide as substrate. Glutathione reductase activity was evaluated at 340 nm by measuring the decrease in NADPH absorbance in the presence of oxidized glutathione. Catalase activity was determined by measuring the rate of decomposition of H 2 O 2 at 240 nm. The experimental results indicated that in RBC, glutathione peroxidase, glutathione reductase and superoxide dismutase activities were significantly higher in the groups of rats treated with the extract than the group of rats not treated with the extract. 93) Griffithoside C (62), 7-epi-7-O-(E)-caffeoylloganic acid (21) 
21)
Chlorinated iridoid glucosides, longifoliosides A (6) and B (7) isolated from Veronica longifolia exhibited in vitro moderate radical scavenging activity against nitric oxide, superoxide and DPPH radicals with IC 50 value of 149, 92, 27; 285, 199, 19 mg/ml, respectively, comparable to that of standard compound BHA (butyrated hydroxyanisole) of IC 50 : 238, 377 and Ͻ10 mg/ml.
14)
The Mediterranean shrub Teucrium chamaedrys (Wall Germander) has been used for anti-inflammatory, anti-rheumatic, digestive and diuretic agent. Korean annual herb Veronica peregrina L. (Scrophulariaceae) has been used as a Chinese crude drug for treatment of dysmenorrhea, various haemorrhages, fractures, and traumatic injuries. 95) Kwak et al. isolated eight iridoid glycosides and four phenolic compounds from the EtOAc soluble fraction of MeOH extract of the whole plant and evaluated their antioxidant activity by the ORAC (Oxygen Radical Absorbance Capacity) assay, on measuring scavenging activity against peroxy radicals induced by 2,2Ј-azobis-(2-methoxypropionamidine) dihydrochloride. Five isolated iridoids, minecoside (168), specioside (169), amphicoside (170), 6-O-cis-p-coumaroylcatalpol (171) and verminoside (172) exhibited potent antioxidant activity with ORAC value in the range 1.03-1.25 compared to ORAC value of trolox, 1.00.
96)
Anti-protozoal Activity A decoction of the bark of Birmanian and Indomalaysian evergreen tree, Fagraea fragrans is used to treat malaria in India, Cambodia and Malaysia and as a febrifuge in Philippines. 97, 98) From the methanol extract of the bark and leaves of the Cambodian variety, several secoiridoids were isolated. Among the isolated secoiridoids, fagraldehyde (120) showed in vitro weak antimalarial activity against chloroquine resistant Plasmodium falciparum W2 strain with an IC 50 value of 22.4Ϯ1.8 mg/ml. 54) In some African countries the leaves of Morinda morindoides have been utilized for treatment of malaria. The extract from this plant was found to exhibit in vitro antimalarial activity against P. falciparum and in vivo mice P. berghei infected mice. On the basis of this finding Tamura et al. isolated a phenylpropanoid conjugated iridoid (51) from bioassay guided EtOAc fraction of MeOH extract of the plant and evaluated its antimalarial potency. This iridoid (51) and its three semi synthetic congeners (173-175) showed potent anti-malarial activity against P. falciparum with IC 50 values of 0.1, 4.1, 0.8 and 0.04 mM, respectively. All these (51, 173-175) iridoids exhibited little cytotoxicity (9.3, 4.3, 13.4, 6.1%, respectively) against human epidermoid cancinoma KB cells (KB-3-1) at 150 mM concentration. The structure-activity relationship analysis of these compounds revealed that the 6Ј-acetyl, 3Љ-methoxyl, and 7Љ-ketonic carbonyl functionalities enhanced anti-malarial potency.
34)
Antiviral Activity Qing-Ye-Dan tablets prepared from the aqueous extract of the Chinese herb Swertia mileensis have been used to cure acute viral hepatitis with high alanine transaminase (ALT) and aspartate transaminase (AST) levels resulting in a curing rate upto 95.3% of 422 patients and 96.8% for 93 patients, respectively clinically. 99) This fact prompted Geng et al. to carry out anti HBV (Hepatitis B virus) screening on 50% and 90% aqueous ethanol extracts and aqueous extract of the whole plant on HepG 2.2.15 cell line. They observed that both the ethanol extracts showed higher inhibitory activities on the HBsAg and HBeAg secretions than the H 2 O extract. From the EtOH extracts they isolated swerilactone A (74), which showed significant in vitro anti HBV activity on HepG 2.2.15 cell line by inhibition of HBsAg and HBeAg secretions with IC 50 value of 3.66 and 3.58 mM, respectively. The antiviral agent 3TC (lamivudine) used as positive control showed inhibitory activity against both HBsAg (IC 50 ϭ17.6 mM, S.Iϭ1.5) and HBeAg secretions (IC 50 : 36.2 mM, SIϽ1). 45) An open label clinical observation study reported that an aqueous extract of the flowering tops of Spanish plant Lamium album along with other two herbs were also used in the treatment of HCV (hepatitis C Virus) infections. 100) For evaluation of active anti-HCV principle from this plant, Zhang et al. carried out an anti-HCVpp (HCV pseudoparticles) entry essay on both aqueous and MeOH extracts of the flowering tops of the plant and found activity. Working on the MeOH extract, they isolated iridoid glucoside lamalbid (176) as major constituent. Although this compound was inactive against HCVpp, its aglycone, and inseparable epimers named Lamiridosins A and B (84, 85) present as major constituents in the aqueous extract, were found to significantly inhibit in vitro HCV entry (IC 50 value of 2.31 mM) and were nontoxic to the Hep G2 2.2 cells at a concentration of 50 mg/ml. The aqueous extract containing these iridoids showed ca. 50% inhibition against HCVpp infection at a concentration of 100 mg/ml. On the other hand, study on 14 iridoid analogues, only free aglycone genipin (177) showed significant inhibition against HCVpp infection at a concentration of 20 mg/ml. The parent iridoids, shanzhiside methyl ester (150), loganin (164), loganic acid (178), verbenalin (179), eurostoside (180) and picroside II (181) did not exhibit inhibition against HCV pp. However their enzymatic hydrolysis products by incubation with b-glucosidase for 0.5 h prior to anti HCV entry assay gave 49.0, 24.8, 39.4, 21.9, 46.6 and 31.6% inhibition against HCVpp infection at a concentration of 20 mg/ml, respectively. Their inhibition activity against HCVpp infection was further improved to 61.2, 41.4, 52.5, 43.4, 56.6 and 59.4%, respectively, after a 4 h enzyme incubation process. Lamiridosins A/B (84/85), genipin (177), and the enzyme hydrolytic products of loganin (164), loganic acid (178), shanzhiside methyl ester (150) and eurostoside (180) were further evaluated in the HCV cc foci system. They exhibited inhibition against HCV cc (cell culture) infection with IC 50 values of 15, 20, 16, 11, 18 and 20 mg/ml, respectively. In order to investigate whether the disruption of HCV E2 binding to CD81 (a co-receptor for HCV entry) was caused in the presence of these iridoids, the binding of E1E2 to recombinant soluble CD81-GST in presence of these compounds was assayed. As negative controls, GST protein without soluble CD81 and soluble CD81-GST with DMSO were used to pull down HCV E1E2. None of the compounds evaluated interfered with CD81 and HCV E2 glycoprotein binding. It indicated that these compounds did not block CD81/E2 interaction. Thus further study on structure activity relationship is needed to maximize the anti-HCV activity of natural iridoids. 49) Hepatoprotective Activity Ethyl acetate extract of Indian medicinal herb Enicostemma axillare containing about 7.26% of secoiridoid, swertiamarin (156) showed significant hepatoprotective activity against CCl 4 -induced liver injury in rats by pretreatment of the extract at 100 and 200 mg/kg body weight oral doses for eight days prior to CCl 4 treatment. The hepatoprotective activity was measured by analysis of serum marker enzymes such as SGOT (serum glutamate oxaloacetate transaminase), SGPT (serum glutamate pyruvate transaminase), SALP (serum alkaline phosphatase), triglycerides, creatinine, total protein, total cholesterol, total bilirubin and albumin contents using Ecoline kits. The pre treatment of drug to CCl 4 intoxicated rats caused significant inhibition on the increased levels of SGOT, SGPT, SALP, triglycerides, total cholesterol, total bilirubin and thiobarbituric acid reactive substances in serum when compared to that of CCl 4 treated rats with no drug treatment. This result justified the ethnomedical use of this plant as liver toxic in India.
